The best surgical option for the management of severe cases of Peyronie's disease is currently a matter of debate. To determine medium-term outcomes and complications after treatment of severe Peyronie's disease by porcine small intestinal submucosa (SIS) grafts, we retrospectively reviewed 33 consecutive plaque incisions followed by 4-ply SIS grafting in 28 patients (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009). Postoperative complications, penile length preservation, de novo ED, penile curvature correction and curvature recurrence rates were recorded. Median patient age was 54 years (38-69 years). Median preoperative curvature was 901 (30-901) (stable for at least 6 months). Six patients (21%) had preoperative ED. There were few postoperative complications (no cases of infection, haematoma (n ¼ 2), penile hypoesthesia (n ¼ 1), patch rejection and migration (n ¼ 1)). Subjective penile shortening and de novo ED were observed in 7 (25%) and 3 (11%) patients, respectively. The success rate for the procedure (straight penis or curvature p201 and ability to have intercourse) was 67% (22/33). Four patients achieved curvature correction after a repeat procedure with a new SIS graft. Eleven patients experienced recurrence within 3 months of surgery. After a median follow-up of 9 months (3-94), 22 patients (79%) had a satisfactory curvature correction.
Introduction
Peyronie's disease is characterized by an inflammatory response of the tunica albuginea surrounding the penile corpora that results in the formation of fibrous plaques causing penile curvature. 1 Surgical treatment is possible if the disease has been stable for at least 6 months, with no progression of symptoms or pain. 2 For moderate penile curvature (less than 601), plication by the Nesbit or Yachia procedures yields good results. [3] [4] [5] These procedures, however, require extensive dissection of the neurovascular bundle and corpus spongiosum. The 16-dot (two pairs of plication) or 24-dot (three pairs of plication) procedure with minimal tension plication described by Gholami and Lue is, on the other hand, relatively non-invasive and can be performed under local anaesthesia. 6 The rate for a completely straight penis was 93%. 6 The above procedures are less useful in cases of severe curvature (greater than 601) because they cause penile shortening and can induce palpable bulges under the skin. 3, 7, [8] [9] [10] Currently, the reference technique for severe curvature is plaque incision followed by grafting. 5, 11 Plaque excision is no longer used because of the high rates of recurrence and de novo ED. 3, 4 The grafts may be either autologous grafts, that include vein, rectus fascia, fascia lata, buccal mucosa and other grafts, or allografts that include porcine dermis, bovine or cadaveric pericardia and extracellular matrix tissue from porcine small intestinal submucosa (SIS). 3, 12 Synthetic grafts (Dacron, Gore-Tex) are no longer used because of the risks of infection, inflammation and fibrosis at the graft site. 3, 8, 12 The main component of SIS is collagen (90%), in particular collagen I, making it a potentially ideal graft material. 13 SIS has good incorporation, biodegradability and mechanical resistance, is associated with a low risk of infection and low antigenicity, is easy to use as only immersion in saline is required, and is readily available as different sized patches. It is often used in urogenital surgery. [12] [13] [14] Several teams have studied outcomes and complications after SIS grafts in patients with Peyronie's disease but with conflicting results. 11, [15] [16] [17] [18] [19] All but one of these studies concerned small patient numbers and short (about 1 year) follow-ups. The exception was a single large-scale study with a mean follow-up of 38 months. 11 The aim of this retrospective study was to assess outcomes and complications after medium term follow-up.
Materials and methods
We retrospectively reviewed the charts of all patients with an at least 6-month history of stable Peyronie's disease who underwent plaque incision followed by SIS grafting by a single surgeon (FS) between February 2002 and December 2009. Institutional Review Board approval was obtained for the retrospective chart review.
The surgeon recorded the following data during the preoperative consultation: plaque location (palpation of the penis to locate and outline the plaque), direction and angle of penile curvature (measured on a photograph taken by the patient), duration of disease progression, pain and erectile function (spontaneous or assisted erection). ED was defined as inadequate (difficult or impossible) spontaneous erection for coitus. Pre-and postoperative sexual function were as reported by the patient and not assessed by international index of erectile function questionnaire (IIEF), which is not validated for ED in case of severe Peyronie's disease.
The surgeon used a standardized surgical technique. A circular incision was made 5 mm below the preputial fold, without performing a circumcision. The penis was then degloved. An erection was produced by placing a tourniquet at the base of the penis and by corporal infusion of saline (Figure 1 ). The neurovascular bundle from the corpora cavernosa was carefully dissected and the fibrous plaque was exposed. An H-shaped incision was made into the plaque as previously described, 20 and a fragment of plaque was sent for histopathological examination. The size of the deficit was measured. A fourlayer SIS patch (Surgisis ES, Cook, Bloomington, IN, USA), 30% larger than the deficit, was then hydrated in saline and sutured to the incision edges using Prolene 5.0 running stitches ( Figure 2 ). An erection was induced to assess any residual curvature and an additional plication procedure was used, whenever necessary (sutures with Prolene 5.0 were placed on the convex side of the tunica albuginea without excising the tunica). Intraoperative correction was considered successful if the final curvature was less than 101. A slightly compressive dressing was applied for 24 h after surgery. Patients were advised to have several erections per week over 1 month as from the 8th postoperative day in order to avoid graft retraction. All patients were prescribed either a PDE 5 inhibitor (PDE5I) or intracavernous injections (ICI) of prostagalandin E1.
The surgeon recorded the following data after physical examination of the patient during the hospital stay and at follow-up visits, and after questioning the patient about his postoperative experience: postoperative complications (bleeding and infection), changes in penile length or sensation, erectile function and recurrences (evaluated after ICI of prostagalandin E1). A successful procedure was defined as a completely straight phallus or a phallus with a curvature of less than 201 allowing 
Results
From February 2002 to December 2009, 28 patients underwent plaque incision followed by SIS grafting in our department. Five of these patients (18%) were suffering from recurrence after Nesbit plication (n ¼ 3, 11%) or graft surgery (n ¼ 2, 7%) in other institutions. Patient characteristics are given in Table 1 . Seven patients presented penile curvatures of less than 601 but qualified for grafting because of a proximal constriction that reduced penile diameter by half. Six patients reported preoperative ED: one patient (17%) was being treated with PDE5I, two patients (33%) were receiving ICI and three patients (50%) were without treatment.
A total of 33 surgical procedures were performed in the 28 patients as five patients whose initial procedure failed to benefit 4-11 months later from a second SIS graft (after bilateral H-shape incision on the lateral corpora cavernosa). Median preoperative curvature was 901 (range, 30-901) ( Table 1) . Median operative time was 104 min (range, 45-205). The intraoperative complete correction rate was 90%. The remaining 10% of patients had a residual curvature of 101. Seven patients (21%) underwent an additional plication during surgery.
Postoperative complications and follow-up data are given in Table 2 . Mean follow-up was 28.8 ± 32.4 months. Median follow-up was 9 months (range, . Complications were few. There were no cases of infection. The two patients with a haematoma, which was located at the base of the penis, experienced spontaneous resolution within 8 weeks (range, 2-8). One patient had an aseptic discharge indicating patch rejection and migration but this did not affect curvature correction. Three patients experienced de novo ED and were prescribed ICI (n ¼ 2) or PDE5I (n ¼ 1). Of the six patients with partial or complete preoperative ED, one patient recovered satisfactory erections after surgery, two patients not treated preoperatively were prescribed PDE5I, two patients continued treatment with ICI after surgery and one patient switched from PDE5I before surgery to ICI after surgery because of worsening ED. Seven patients (25%) reported subjective penile shortening. Two of these patients had undergone an additional plication during surgery and four had undergone a repeat intervention (three recurrences in patients from our institution and one recurrence in a patient referred by another institution).
At the end of follow-up, 22 patients (79%) had either a completely straight phallus (n ¼ 13) or a residual curvature of less than 201 (n ¼ 9) allowing penetration without difficulty. The overall success rate of the procedure was thus 67% (22/33). There were 11 recurrences (33%) of more than 201 (range, 30-901), all within 3 months (range, 0.25-3.0) of surgery ( Table 2) . Of the five failures who underwent a second procedure, four (75%) achieved a completely straight phallus. One patient, who presented a residual curvature of 301, underwent implantation of a penile inflatable prosthesis 1-year later because of drug-refractory ED, with complete curvature correction. We analysed the results of a subgroup of 11 patients who had been followed up for over 3 years (median, 66 months (range, 41-94)) to determine longer-term outcomes. The characteristics of these patients were identical to those of the whole cohort (Table 1) and their outcomes were similar ( Table 2 ). The four recurrences in these 11 patients, all occurred within 3 months (range, 0.5-3) of surgery.
Discussion
Our series of 33 consecutive plaque incisions followed by SIS grafting gave a curvature correction rate of 67%, with stable long-term outcomes. This is equivalent to or higher than the rates recorded in some studies, but lower than the best rates of over 91% that have been reported so far (Table 3 ). Our lower rate may be partly because of the inclusion of a high proportion (30%) of repeat interventions (five recurrences in our own patients and five in patients referred by another institution), to the inclusion of patients with a constriction reducing penile diameter (n ¼ 10, 36%), and to the fact that our median preoperative curvature (901 (range, 30-901)) was the highest reported so far (Table 3) .
A single study so far on plaque incision followed by SIS grafting, by Knoll, has included a large number of patients (n ¼ 162) with long-term followup (38 months). 11 Knoll reported a 91% penile correction rate (curvature o151) but excluded all patients with preoperative ED even though 20-50% of patients with Peyronie's disease suffer from ED before surgical treatment. 21 Eltahawy et al. and Kovac et al. have reported complete correction rates of 80 and 76.9% but their studies were small compared with Knoll's and had short follow-ups (Table 3) . 15, 16 Seven of our 28 patients (25%) experienced subjective penile shortening. The true rate was, however, probably lower because patients think that surgery will restore their penis to its previous state without realising that the loss in length has occurred mainly because of the disease and not the surgery. This is well illustrated in a comparison of corporeal plication (a shortening procedure) with plaque incision and saphenous vein grafting (a lengthening procedure), which revealed no difference in subjective penile shortening between the two groups of patients. 7 In addition, in a study of tunica albuginea plication or partial excision and grafting, most patients experienced subjective penile shortening whereas their objective measurements of penile length varied little. 22 In our cohort of 28 patients (median follow-up, 9 months), there were 11 recurrences (33%) of penile curvature, all within 3 months of surgery. In the subgroup of 11 patients with a follow-up of over 3 years (median, 66 months), there were four recurrences, none after 3 months. Recurrence does not occur after 3 months in cases of stable disease because the SIS patch is completely absorbed and gradually replaced by local tissue within 3 months. 13 Three patients (11%) experienced de novo ED, of whom one responded to PDE5I and two had to resort to ICI. We encountered no cases of infection, a single case of penile hypoesthesia (4%) and two cases of haematoma (7%). The complications recorded by Knoll were haematoma (1.85%), penile hypoesthesia (16.5%), penile shortening (5%) and de novo ED (21%). 11 As shown in Table 3 , complication rates were higher in the Kovac et al. and Breyer et al. studies (which also had one case of patch infection (5%) and several of haematoma (26%)). 16, 19 The early four-patient study by John et al. had three recurrences, two within less than 2 months and one very much later on, at 3 years, indicating the need for long-term follow-up. 18 The wide variation in the curvature correction rates in Table 3 could be accounted for by many factors such as the choice of SIS patch (type and size) and postoperative dressing, and the instructions 23 However, the best results in Table 3 were obtained with multilayer patches. 11, 15, 16, 18, 19 (2) Patch size: size has to take into account possible patch shrinkage and the increased diameter and length of an erect penis. John et al. used a patch that was only 10% larger than the deficit, whereas studies with the best results used patches that were 20-30% larger. 11, [16] [17] [18] We advise the use of a patch 30% larger than the deficit. (3) Postoperative dressings and erections: some teams recommend use of slightly compressive dressings after surgery. 17, 18 Knoll used a loose dressing and maintained the penis at a 1801 angle from its initial curvature for 6 weeks.
11 Some recommend avoiding early postoperative erections. 15 Knoll advised early avoidance to his 25 first patients only, but his subsequent patients were offered no pharmacological assistance. 11 The 24 we routinely applied a slightly compressive dressing for 24 h after surgery in order to avoid haematomas and recommended induction of early erections to avoid healing in a retractile mode that may favour recurrence. Moreover, compliance with assistive treatment (PDE5 or ICI) in patients who experienced recurrence seemed to be poor.
In our mind, the SIS graft is preferable to the commonly used saphenous vein allograft for at least three reasons. First, autologous grafts need to be harvested and prepared. This takes time and can induce complications at the harvest site. 3, 8, 12 Second, autologous grafts use a resource that might be needed later for bypass surgery. Finally, although outcomes for venous grafts in large series are satisfactory (correction rate: 66-96%, patient satisfaction rate: 60-100%, penile shortening: 17-40%, de novo ED: 15-46%), 3 ,4,25 they tend to worsen over 5 years of follow-up. 10, 26, 27 Our study has several limitations: (i) it was retrospective; (ii) there was no objective measurement of pre-and postoperative penile length; (iii) although our cohort represents, to our knowledge, the second largest series so far, the number of patients nevertheless remains small.
In conclusion, in cases of severe Peyronie's disease, SIS is a valuable material for use as a graft after plaque incision because of its low antigenicity and low risk of infection, its good mechanical resistance, its ease of use and ready availability. Our outcomes were equivalent to those observed with the venous patch, without the disadvantage of harvesting comorbidities, and confirmed the good results already published with SIS. Early recurrences within 3 months of surgery were not rare (33%) but we were able to establish an absence of late recurrences. Patients should be informed of the risk of recurrence but also of the possibility of undergoing a repeat procedure in case of failure.
